Interaction of levofloxacin with lung surfactant at the air-water interface.
The molecular-level interaction of levofloxacin with lung surfactant was investigated using Langmuir monolayers and atomistic molecular dynamics (MD) simulations. In the simulation, the DPPC/POPC mixed monolayer was used as a lung surfactant model and the molecules of levofloxacin were placed at the air-lipid interface to mimic the adsorption process on the lung surfactant model. The simulation results indicate that amphoteric levofloxacin expands the lung surfactant, also stabilizing the film for levofloxacin fractions until 10% w/w at least. The Langmuir monolayers made with the lung surfactant Curosurf had expanded isotherms upon incorporation of levofloxacin, without changes in monolayer elasticity. In fact, levofloxacin induced film stability with increased collapse pressures in the Curosurf isotherms and delayed the phase transition, according to Brewster angle microscopy (BAM) imaging. Using polarization-modulated infrared reflection-absorption spectroscopy (PM-IRRAS), we found that levofloxacin is preferentially located in the head group region, inducing an increased organization of the Curosurf film. This location of levofloxacin was confirmed with MD simulations. The stability inferred demonstrates that the lung surfactant can be used as a drug delivery system for the administration via inhalation or intratracheal instillation of levofloxacin to treat lung diseases such as pneumonia and respiratory distress syndrome.